The Load-based exergetic assessment of a thermal power plant for offshore utilization was carried out. The gas turbine systems were split into sub-systems and simplified into control volume to show inflow and outflow of exergy at different loading. The operating parameters of the plant were monitored for 12 months through human machine interface (HMI), and the data collected were used with thermodynamic relations to carry out the assessment. MATLAB 7.3 ® Software was used to evaluate the various model equations and results tabulated. The results show that for every 1% drop in the operational load, the thermal efficiency and exergy efficiency drop by 0.17% and 0.25% respectively. It further shows that there is about 0.006% decrease in fuel consumption under the same conditions, and at 44% loading the system has the highest percentage of exergy loss of about 21.3%. This means that as the operational load decrease, the percentage exergy loss increase proportionally. Enormous exergy is lost in the exhaust system due to absence of heat recovery steam generator. The assessment established that the components of the power plant degrade in the quality of exergy and performance at different loading of the plant due to mechanical loss and irreversibility.
Introduction
The advances in gas turbine manufacturing and performance over the years had helped to solve critical energy need of humanity. Gas turbine converts the chemical energy of fuel into mechanical energy using air as the medium of conversion. The resulting mechanical energy can be used to drive many types of rotating equipment like alternators, pumps and compressor. The development of science and technology has enhanced our ability to harness energy and utilize it rationally. The international energy agency reports that fossil fuels supply over 85% of the world's commercial energy, account for 65% of the world's electricity and 97% of the energy for transportation. This shows that the world's energy demand tilt towards fossil fuel with little attention to other energy resources.
In recognition of this energy need, Sureh et al. (2006) remarked that "power plants should be operated in the most efficient manner to check the rate of depletion of fossil fuel reserves". To achieve this, there is need for periodic performance evaluation of the power plant using a load-based exergetic technique. Exergy have been viewed by different researchers as available energy to be a quantitative measure of the mechanical work lost in any real thermodynamic system as a result of irreversibility in the system. Kwambai (2005) and Hermann (2005) view exergy as a "work potential" of a system. Their view was drawn from the fact that any system which is at a temperature, pressure or chemical composition above that of its surroundings is not in equilibrium and has a potential to do work. Therefore, when a system is at a state of equilibrium with its environment, there would be no work transfer, and its exergy is equal to zero. Kotas (1995) states that "the exergy of a steady stream of matter is equal to the maximum amount of work obtainable when the stream in brought from its initial state to the dead state by processes during which the stream may interact only with the environment". Exergy corresponds to the "useful" part of energy. Whereas energy is conserved with respect to the first law of thermodynamics, exergy destroyed or degraded with respect to the second law of thermodynamic and helps to locate the wasteful uses of exergy in energy conversion system.
In the past decades, exergy related studies have received considerable attention from various discipline ranging from mechanical engineering to chemical engineering from environmental engineering to ecology, and other fetch of engineering as well as the physical science. Consequent upon this, there is global attention on exergy studies (Dincer & Cengel 2001) . The importance of exergy analysis in performance evaluation of energy systems has been demonstrated in many optimization studies of the power plants. Lebele-Alawa & Asuo (2011) in their work showed that the highest exergy loss occur in the combustion chamber with a magnitude of about 22.18MW for a gas turbine within the tropical zone. Ertesvag et al (2004) demonstrated the effects of process parameter such as increase gas turbine pressure ratio, increase turbine inlet temperature and increase steam-turbine-inlet temperature, on the exergy performance of a gas turbine combined cycle power plant with pre-combustion Co 2 capture. They further stated that a substantial exergy loss occurred in a natural gas fired turbine plant compared to using a hydrogen rich fuel. In the work of Kwambai (2005) , steam transmission units, turbines, condensers and gas ejectors were identified as sub-systems where exergy losses occurred. He added that the highest exergy loss occurred in the condenser due to the limitations of the wetness of the exhaust system. Verkhivker & Kosoy (2004) identified combustion process, heating of working fluid and heat transfer in the heat exchangers as the thrice principal processes that cause destruction of exergy in a power generation cycle. Anheden (2002) used the chemical looping combustion technique to investigate the possibilities of reducing exergy lon in the combustion process .of a thermal plant and found that the use of nickel oxide as an oxidant instead of oxygen in the air results to decrease in combustion exergy destruction and increase power generation efficiency. Ebadi and Gorgi -Bandy (2005) carried out all exergetic analysis on 116MW gas turbine plant at Mahshahr-Iran, and found that there is appreciable increase in exergetic efficiency due to increasing turbine inlet temperature. Sue and Chuang (2002) examined the effect of partial load on exergy efficiency of combine cycle power plant with the variation of compressor inlet and of the fuel temperature. The results show that the power output of the gas turbine increase as the inlet air temperature decrease and at 50% load, the exergy load in a CCPP was three times that of 100% load due to lower steam pressure in the HRSG. Hence, the importance of this source is use to determine the thermodynamic performance and improvement of the said power plant. It therefore investigates the effects of irreversibility's on power plant components at each prevailing operational condition of the power plant. This research considered a load-based exergy assessment across the components of the thermal plant. This evaluates the exergetic degradation rate at different operating condition and loading in the sub -system of the power plant. The assessment was carried out between 40% -75% loading of the plant considering the prevailing operating environment.
Material and Methods

Theoretical Formulation
The MS5001 gas turbine plant of 21.6MW capacity operating on an open cycle was used as the test engine for about 12 months. The methodology adopted was designed to produce facts about the behavior of the plant, and to determine those factors that influence the exergetic thermodynamic assessment within the tropical environment. MATLAB 7.3 ® (Mathworks USA) was used to evaluate the equations. Thermodynamics properties such as temperature, pressure, mass flow, and turbine inlet temperatures are crucial in this research because their behavior affect every other parameter in the analysis.
In the data collection and treatment, I considered the mean values of daily parameters by the use of statistical method.
Exergy Balance for a Thermodynamic System
Real natural gas fired power plants are steady flow open circuit systems in which fuel and oxidant (usually air) are supplied to the combustor of the plant and the products of combustion are exhausted to the atmosphere. The general control volume for such thermodynamic system is shown below. 
where ̇i s the kinetic exergy rate, ̇ is the potential exergy rate, ̇ is the physical exergy rate, ̇i s the chemical exergy rate
i. Expression for Physical Exergy
The physical exergy is expressed as
ii.
Expression for Chemical Exergy
The chemical exergy for gaseous mixture is derived as the sum of the exergy for the component of the mixture, and the gain in exergy due to mixing of the pure components into the stream [7] . This is expressed as
where X i is the mole function of component i in the mixture, R is the gas constant, Ėi is the exergy of component in the mixture at the reference state.
The primary source of exergy entering the gas turbine plant is the chemical exergy from fuel (Natural gas). At standard atmospheric condition, exergy rate of fuel is expressed as
̇=̇ ̇ (11)
where ̇ is the exergy rate of natural gas computed using equation 10 standard chemical exergy rate, and mass flow rate of fuel. 
Exergy Balance for Plant Components
Air Compressor
where is the irreversibility in the combustor which is contributed by improper mixing of air and fuel, and finite temperature difference across the combustor. where i turb is the irreversibility in the turbine which results mainly from friction.
The exergy balance for a control volume in term of input and output is given as
The exergy destroyed (work lost) is obtained from the Guoy-Stodola law which state that
This law is a further expression of irreversibility which can be obtained as the difference between mechanical work in a reversible thermodynamic process and irreversible thermodynamic process.
The exergy efficiency is expressed as the ratio of the product rate exergy to fuel rate exergy of a component k or the ratio of exergy desired to the exergy input.
The exergy desired is the useful exergy output and can be calculated from the exergy balance
where E desired is the sum of useful exergy output, E destroyed is the exergy lost due to irreversibilities in the system, Alter nator
Combustor
Fuel from Filtration System is the exergy exiting the system which has the capacity to do work, ̇ is the exergy rate of fuel injected into the system.
Results and Discussion
The parameters in Table 1 were obtained from the installation document and HMI of MS5001 gas turbine. The results of the various parameters from the thermodynamic model equations are presented in Tables 2-6 . Table 2 . Thermodynamic properties and exergies of process stream for gas turbine system at 74% operational load. Table 3 . Thermodynamic properties and exergies of process stream for gas turbine system at 55.5% operational load. The performance indicators for turbines and compressor of the power plant have been assessed to check possible deviations from idealized ones based on exergy phenomenon. The results in Table 6 show that for every 1% drop in the operational load, thermal efficiency and exergy efficiency drop by 0.17% and 0.25% respectively. It further shows that there is about 0.006% decrease in fuel flow under the same conditions. Compressor isentropic efficiency ranges from 73 to 83%. This could be attributed to inefficiency due to fuel and turbulence in the compression process. Back work ratio analysis shows that the compressor consumes 73% of the turbine energy output of 46% and 50% rated power output, which is higher than the bench mark value of 70%.
The power plant has an overall exergy efficiency of about 34% for exergy output of 34MW generated. The analysis further showed that more than 35% of exergy was wasted in exhaust. The exergy lost as a result of irreversibility's in the compressive combustor and turbine at 73% and 74% rated power output was about 21%, this value is small as compared to 38% of exergy wasted in the exhaust as shown by Fig. 5 & 6 . At operational loads of 44%, 52% and 55.5%, the combustor was the second largest component that degraded substantial amount of exergy, that is 21.3%, 11.9% and 12.1% of exergy were lost at 44%, 52% and 55.5% loads respectively.
Conclusion
The need to identify the source of inefficiencies and wastage of energy resources in energy conversion systems has necessitated this study. Exergy analysis has revealed the mechanisms which degrade the quality of the gas turbine system performance. All the components of the power plant degraded and wasted the quality of energy, with the combustor and the exhaust system leading in exergy destruction and wastages respectively. It is important to note that there was an appreciable decrease in exergy efficiency due to increase in irreversibility. Irreversibility varies with operation control and loading. The exergy wasted in exhaust gas was greater than the useful exergy in almost all the units. Waste heat recovery steam generator is therefore, a potential for energy saving.
Finally, components exergy degradation varies with operational condition and loading. Irreversibility is key factor that affect the performance of the power plant.
